EXPERIMENTAL SECTION

Materials and General methods.
All chemical reagents were obtained from commercial sources and, unless otherwise noted, were used as received without further purification. Elemental analyses (C, H, and N) were performed on a Perkin-Elmer 240 analyzer. The IR spectra were recorded in the 400-4000 cm -1 on a VECTOR TM 22 spectrometer using KBr pellets. 1H NMR spectra were recorded on a Bruker DRX-500 spectrometer with tetramethylsilane as an internal reference. Powder X-ray diffraction (PXRD) data were collected on a Bruker D8 ADVANCE X-ray diffractometer with Cu Kα radiation. Using a Philip X' Pert Pro system, variable temperature PXRD (VTPXRD)
measurements were recorded after the sample had stayed at the respective temperature for 30 min in N 2 atmosphere. , (1.3 g, 3.3 mmol) was placed and 60 mL of anhydrous THF was added. Oxalyl chloride (60 mL, 70 mmol) was slowly added dropwise with a syringe pump. The mixture was refluxed for 10 h and then the excess oxalyl chloride was removed under vacuum. To the resulting solid, 50 mL of anhydrous dimethylacetamide (DMA) was added and the solution was cooled with an ice bath. While under nitrogen flow, 4-(dimethylamino)pyridine (0.15 g, 1.2 mmol) was added followed by addition of 5-aminoisophthalic acid (2.2 g, 12.0 mmol). After stirring for 30 min at 0 °C and 48 hours at room temperature, the reaction solution was poured into a large excess of water. The precipitated solids were filtered off and washed repeatedly with hot methanol. The wet solid was finally dried in a vacuum oven at 100 °C to yield pure H 6 BTB as a pale yellow powder (2.5 g, 81% yield The crystals of 1 and 2 are stable for common organic solvents (such as DMF, DMA, DMSO, methanol, ethanol, acetone, chloroform, CH 2 Cl 2 and so on) except for water; they become opaque after exposure several minutes in air.
Preparation of Linkers
Crystal Structure Determination.
Single crystal suitable for X-ray structure determination were selected and sealed in a capillary under a microscope. The X-ray diffraction intensity data were measured on a Bruker Smart Apex CCD diffractometer at room temperature using graphite monochromated Mo/Kα radiation (λ = 0.71073 Å). Data reduction was made with the Bruker Saint program. The structures were solved by direct methods and refined with full-matrix least squares technique using the SHELXTL package [3] . Non-hydrogen atoms were refined with anisotropic displacement parameters during the final cycles. Hydrogen atoms were placed in calculated positions with isotropic displacement parameters set to 1.2 × U eq of the attached atom. The unit cell includes a large region of disordered solvent molecules, which could not be modeled as discrete atomic sites. We employed PLATON/SQUEEZE [4] to calculate the diffraction contribution of the solvent molecules and, thereby, to produce a set of solvent-free diffraction intensities; structures were then refined again using the data generated. In the structure, the benzene ring (C7-C8-C9-C10-C11-C12) moiety is disordered over two positions.
A summary of the crystallographic data is given in adsorption/desorption isotherms were measured volumetrically using a Micromeritics ASAP 2020 surface area and pore size analyzer up to saturated pressure at 77 K and 87 K, respectively. About 150 mg acetone-exchanged samples were charged into a sample tube and activated at 100 °C for 20 hours by using the "outgas" function of the surface area analyzer. The resulting mass of dried material was ~ 100 mg. Helium (99.999 %) was used for the estimation of the free space (dead volume), assuming that it is not adsorbed at any of the studied temperatures. To provide the relative pressure P/P 0 accurately at each data point, the saturation pressure P 0 was monitored and measured throughout the gases analyses by a dedicated saturation pressure transducer. The specific surface areas were determined using the Brunauer-Emmett-Teller (BET) and the Langmuir equation from the N 2 sorption data. When applying the BET theory, we made sure that our analysis satisfies the two consistency criteria as detailed by
Walton and co-workers [5] . For the Langmuir surface areas, data from the whole adsorption data were used. Pore size distribution (PSD) were calculated using the density functional theory (DFT) model for
Ar adsorption based on a slit pore geometry as implemented in the Micromeritics ASAP2020 software package. [6]
High-Pressure Gas Sorption
1.8 Heats of Adsorption A virial-type [7] expression comprising the temperature-independent parameters a i and b i was employed to calculate the enthalpies of adsorption for CO 2 (at 273 and 298 K) on 1 and 2. In each case, the data were fitted using the equation:
Here, P is the pressure expressed in Torr, N is the amount adsorbed in mmol/g, T is the temperature in K, a i and b j are virial coefficients, and m, n represent the number of coefficients required to adequately describe the isotherms (m and n were gradually increased until the contribution of extra added a and b
Electronic Supplementary Material (ESI) for Chemical Communications This journal is © The Royal Society of Chemistry 2012
Electronic Supplementary Information (ESI) for Chemical Communications This journal is © The Royal Society of Chemistry 2011
S5
coefficients was deemed to be statistically insignificant towards the overall fit, and the average value of the squared deviations from the experimental values was minimized). The values of the virial coefficients a 0 through a m were then used to calculate the isosteric heat of adsorption using the following expression.
Q st is the coverage-dependent isosteric heat of adsorption and R is the universal gas constant. The heat of CO 2 sorption for 1 and 2 in this manuscript is determined by using the excess sorption data measured in the pressure range from 0-20 bar (273 and 298 K), which is fitted by the virial-equation very well (R 2 >0.9999, see Fig. S8 ).
COMPUTATIONAL DETAILS
GCMC Simulations.
To evaluate the adsorption mechanism of CO 2 molecules in frameworks at a molecular level, Grand Canonical Monte Carlo (GCMC) simulations were performed to obtain the density distribution of CO 2 molecules within framework 1 at 1 bar and 273 K. The interactions between the framework of the MOF structure and CO 2 molecules are described via the Coulomb and Lennard-Jones (LJ) interactions. A rigid three-site EPM2 model of CO 2 molecule [8] was used to accurately reproduce the experimental critical point and liquid-vapor coexistence curve of CO 2 molecules. For the MOF 1, all LJ parameters (Table S4) were taken from the Universal force field (UFF) [9] except for the Cu atom [10] , while the corresponding partial charges are obtained by performing first-principles calculations on some small cluster models. As shown in Fig. S10 , the partial charges obtained from first-principles calculations were only adopted in the green frame of each cluster model.
To determine the ground-state spins of each cluster model, single-point energy calculations at the unrestricted B3LYP/6-31g** level were performed at different spin states. Then, the atomic charges are chosen from the lowest-energy spin with the Merz-Singh-Kollman (MK) scheme [11] , where atomic charges are fitted to reproduce the electrostatic potential at number of points. To keep the neutral feature of MOF, the positive and negative charges are scaled slightly (< 5%). With this strategy, the obtained partial atomic charges for all atomic types in MOF material 1 are given in the Table S5 . In addition, it should be noted that the mixing LJ parameters between different atomic types were calculated by the Lorentz-Berthelot mixing rule.
To eliminate the complexity in the simulations, framework 1 was treated as a "rigid" lattice and the atom positions for the activated state were obtained from the experimentally determined crystal structure by careful eliminating the disordered parts through the Diamond and Material Studio tools.
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The simulation box consisted of one unit cell (a = b = c = 52.557 Å and  =  =  = 90 degrees) and contained more than 3000 atoms. Prior to GCMC simulations, the corresponding chemical potentials of bulk CO 2 were determined by the test-particle method proposed by Widom [12] , where the configuration spaces were obtained from NPT molecular dynamics (MD) simulations at 1 bar and 273 K. At the thermodynamic adsorption equilibrium, the chemical potentials of the adsorbate in the adsorbed and bulk phases are equivalent. Therefore, GCMC simulations were carried out for the adsorption of CO 2 in MOF with input of above chemical potentials at 1 bar and 273 K. Four basic types of trial moves with equal probabilities were included in the simulation: translation, rotation, insertion, and deletion. The acceptance rate in the translation and rotation steps were controlled about 50 % by adjusting the maximum magnitudes of translation and rotation, respectively. For increasing the acceptance efficiency of insertion, the configuration-biased method [13] was used for the insertion step. The cutoff distance for the LJ interaction was 14.0 Å and the electrostatic interactions were calculated using the Particle Mesh Ewald method [14] with a real-space cutoff of 14.0 Å and a tolerance of 10 -5 . Each GCMC simulation was totally run for 4 × 10 6 trial steps. The first 1 × 10 6 steps were used for the equilibration and the subsequent 3 × 10 6 steps were used for ensemble averages.
First-principles Calculation.
To further analyze the binding energies between the MOF and CO 2 molecule at different adsorption sites, a series of First-principles calculations were performed for the complex of CO 2 molecule and several cluster models extracted from the MOF which represent different adsorption sites. All geometry optimizations were performed at the B3LYP/6-31G** level.
Based on the optimized geometries, the binding energy were calculated with the correction of basis set superposition error (BSSE) at the B3LYP/6-311++G** level. All First-principles calculations in this work were performed with the Gaussian 03 program. The binding energy is expressed as E binding = 
E(CO 2 /cluster) -E(cluster) -E(CO 2 ) + E BSSE.
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